Abstract-In this paper, the influence of ambient temperature and relative air humidity on the hydrophobicity transfer property of HTV and RTV silicone rubber (SR) is investigated. The static contact angle on polluted HTV-SR samples and plates with RTV coating was measured while being stored at different temperature and relative humidity. It has been found that the transfer characteristics on HTV-SR exhibit a saltus between 50°C and 55°C. The results further show that the influence of relative humidity is related with the hygroscopicity of soluble and non-soluble substances in pollutants on the surface.
INTRODUCTION
IN recent years, silicone rubber products have been widely used in power systems to combat pollution flashover problems. In China, composite insulators with a housing consisting of high temperature vulcanizing silicone rubber (HTV-SR) have been widely applied since the 1980s, and have shown excellent pollution flashover performance ever since [1] . Another application of silicone rubber products is the usage of room temperature vulcanizing silicone rubber (RTV-SR) as coating for insulators having been used in China since the 1980s. RTV coating has now been accepted as one of the most important measures to resist pollution flashover on porcelain and glass insulators [2] .
Basically, the excellent pollution flashover performance results from the hydrophobicity transfer property of silicone rubber materials which is due to migration of low molecular weight (LMW) polymer chains from the bulk to the surface [2] . Hydrophobicity is also transferred to surface pollutants and can even recover after loss e.g. due to corona [3] . However, in actual service, the hydrophobicity transfer property of silicone rubber materials is affected by external factors, such as the ambient environment and pollutants [4] . Although some research works have addressed to this issue, there is still a lack of investigations focusing systematically on the influence of ambient temperature, relative air humidity and pollutants on the hydrophobicity transfer property. This paper thus introduces the results of a thorough investigation of the hydrophobicity transfer characteristics of silicone rubber material under different ambient temperature and humidity.
SAMPLE AND TEST METHOD

A. The test sample
Typical HTV-SR and RTV-SR samples are shown in Fig. 1 .
The size of the sample is 100 mm*100 mm*5 mm. The pollutants were applied to the surface by the solid layer method according to IEC 60507 [5] . The non-soluble deposit density (NSDD) in each case was 1.0 mg/cm 2 , the equivalent salt deposit density (ESDD) was 0.1 mg/cm 
B. The test method
The samples' hydrophobicity was determined by the contact angle (CA) method according to IEC TS 62073 [6] . The OCA20 optical contact-measuring device was used to measure the static contact angle of the samples. It was found that by using 4 droplets on one part of a sample, the measurement error can be within ±1°. So, 4 droplets of distilled water, each with a volume of 2 l were allowed to fall randomly onto the surface. By using the special software of OCA20, the static contact angle was obtained 20 seconds after the droplets had fallen onto the surface in order to avoid time-dependent measurement errors caused e.g. by gravity or evaporation.
II. RESULTS AND DISCUSSION
A. Influence of ambient temperature
High temperature condition The process of hydrophobicity transfer was measured on HTV-SR and RTV-SR samples at different ambient temperature. The ambient temperature was controlled by an incubator whose accuracy was ±1°C. The pollutants were kaolin and NaCl and the following pollution severity was adjusted: NSDD = 1.0mg/cm 2 and ESDD = 0.1mg/cm 2 .
As can be seen in Fig. 2 , after polluting the surface of HTV-SR samples, the static contact angle increases with increasing transfer time, and gradually gets to a stable value. The hydrophobicity transfer speed and the asymptotic value of the contact angle both increase with the ambient temperature. It can also be seen that there is a saltus of the asymptotic contact angle between 50°C and 55°C, where the asymptotic contact 
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2012 IEEE International Conference on Condition Monitoring and Diagnosis 23-27 September 2012, Bali, Indonesia angle leaps from below 90° to above 90°. It can be assumed that diffusion of LMW from bulk to pollutants greatly increases when the temperature arises from 50°C to 55°C. The hydrophobicity transfer characteristics of the RTV-SR sample are shown in Fig. 3 . It can be seen that the hydrophobicity transfer speed and the asymptotic value of the contact angle also increase with the ambient temperature, albeit in a way different from HTV-SR. No saltus of the asymptotic contact angle was observed but a roughly linear increase with the ambient temperature appeared between 25°C and 60°C.
Low temperature condition
The hydrophobicity transfer property of silicone rubber at lower temperatures is investigated on a special semiconductor temperature control platform, with which a stable temperature could be maintained during the measurements. That way, condensation on the pollution surface during the measurement procedure could be avoided as well. The process of hydrophobicity transfer was measured on HTV-SR at ambient temperatures of 5°C, 10°C and 25°C, respectively. The pollutants were kaolin and kieselguhr with NSDD=1.0 mg/cm 2 , and ESDD=0.1 mg/cm 2 .
It can be seen in Fig. 4 that the hydrophobicity transfer speed and the asymptotic value of the contact angle decrease significantly as the temperature drops from both 25°C to 10°C and 10°C to 5°C. Therefore, it can be concluded that when silicone rubber products are exposed to low temperature conditions for a long period, pollutants build up gradually on the surface while hydrophobicity cannot transfer from bulk onto the pollution surface as quickly as under high temperature conditions. Pollution flashover will thus be more likely to happen at low temperature conditions which have to be considered as harsh conditions for the service of silicone rubber material.
B. Influence of relative air humidity
The relative air humidity was controlled by using the saturated salt solution method according to EN ISO 483 [7] . The polluted samples were put into a closed container with different kinds of saturated salt solutions by which the relative humidity in the container could be kept constant. It can be seen that when polluted with kaolin, the hydrophobicity transfer speed and the asymptotic value of the contact angle are both influenced by the relative humidity. The transfer speed and the asymptotic value of the contact angle decrease significantly, especially when the relative humidity is high. The situation is different in case of HTV-SR samples polluted with kieselguhr. When the relative humidity reaches 100%, the transfer speed decreases and the asymptotic value of the contact angle drops from 140°to about 120° while there is almost no influence on the hydrophobicity transfer characteristics at relative humidity below 100%.
Pollutants with no soluble substances
The difference between kaolin and kieselguhr in different humidity can be explained by the theory of hygroscopicity, i.e. the water absorption per unit mass of kaolin and kieselguhr (Fig. 6) . It can be seen that the hygroscopicity of kaolin is much higher than that of kieselguhr. At relative humidity of 85%, kaolin exhibits a 50% greater hygroscopicity than kieselguhr. When the relative humidity reaches 100%, the difference is more obvious so that kaolin has 68% greater hygroscopicity than kieselguhr. Due to the higher hygroscopicity of kaolin, the amount of moisture stored in the Kaolin pollutant is bigger than in the kieselguhr pollutant, what blocks the transfer of LMW from bulk to the surface pollutant to some extent. Therefore, the influence of the relative humidity on kaolin-polluted HTV-SR samples is greater than on the kieselguhr-polluted samples, especially under high humidity conditions. 
Pollutants with different kinds of soluble substances
In practical service, pollutants on insulators consist of various kinds of soluble substances. Different soluble substances show different transfer characteristics in certain humidity conditions. In this paper, 3 kinds of soluble substances were chosen to pollute the HTV-SR samples: 1) NaCl is the most commonly used soluble salt for artificial pollution tests on insulators; 2) CaSO 4 is known as the most common salt on naturally polluted insulators in China; 3) Sugar is a special kind of soluble substance on insulators in some area. The hydrophobicity transfer characteristics of HTV-SR polluted with different kinds of soluble substances are shown in Fig. 7 . The non-soluble pollutant is kaolin.
The results in Fig. 7 show that when being polluted with kaolin and different kinds of soluble substances, the hydrophobicity transfer speed and the asymptotic value of the contact angle decrease when the relative humidity increases. That is no matter whether the soluble substances are NaCl (Fig.  7a) , CaSO 4 (Fig. 7b), or sugar (Fig. 7c) . However, the characteristics of the hydrophobicity transfer with different kinds of soluble substances differ from each other when the relative humidity is the same. In Fig. 7 (a) , the hydrophobicity transfer speed and the asymptotic value of the contact angle decrease greatly when the relative humidity reaches values higher than 89%, thus 89% can be considered as the critical relative humidity for pollutants with NaCl. Similarly, it can be seen in Fig. 7 (b) that the critical relative humidity for pollutants with CaSO 4 is 95%. Likewise, the critical relative humidity for pollutants with sugar is 60%. When the relative air humidity rises above the critical value, an obvious damping phenomenon can be seen on the surface of pollutants, and the hydrophobicity transfer speed and the asymptotic value of the contact angle decrease significantly. The difference of the critical relative humidity of NaCl, CaSO 4 and sugar can also be explained by their different hygroscopicity. It can be seen in Fig. 8 that pollutants containing NaCl and sugar have the highest hygroscopicity being able to absorb much more water than pollutants containing CaSO 4 and non-soluble substances, even at low relative humidity like 75%. It can be concluded that the hygroscopicity of pollutants and the hydrophobicity transfer characteristics are closely correlated. The higher the hygroscopicity of pollutants, the lower the hydrophobicity transfer speed and the smaller is the asymptotic value of the contact angle. Meanwhile, the critical relative humidity decreases as well the higher the hygroscopicity of pollutants is. (1) The hydrophobicity transfer property of silicone rubber is influenced by the ambient temperature. In high temperature conditions, the transfer speed and the asymptotic value of the contact angle on HTV-SR have a saltus between 50°C and 55°C. An extreme increase in the diffusion rate of decomposed LMW in HTV-SR is presumed to be responsible for this.
(2) The transfer speed and the asymptotic value of the contact angle decrease greatly in low temperature conditions, no matter whether the pollutants are kaolin or kieselguhr.
(3) The hydrophobicity transfer property of HTV-SR is influenced by the relative air humidity. With the increase of humidity, the asymptotic value of the contact angle decreases.
(4) The influence of the relative humidity is related with the hygroscopicity of soluble and non-soluble substances in pollutants. The higher the hygroscopicity, the slower the hydrophobicity transfer and the smaller is the asymptotic value of the contact angle. As to pollutants consisting of kaolin and different kinds of substances, there is a critical relative humidity, above which the wetting phenomenon becomes obvious and the transfer property is attenuated.
